Introduction
Although frontline treatment of multiple myeloma (MM) is often associated with high response rates, [1] [2] [3] [4] the disease remains largely incurable, and nearly all patients eventually relapse. As patients relapse and become refractory to commonly used agents and regimens-including the proteasome inhibitor bortezomib and the immunomodulatory drugs (IMiDs) lenalidomide and thalidomidetheir prognosis worsens. 1, 2, [5] [6] [7] [8] This is particularly true for patients with MM that is refractory to bortezomib and relapsed, and/or are refractory, intolerant, or ineligible to receive an IMiD. These patients have a median overall survival (OS) and event-free survival (EFS) of 9 and 5 months, respectively, and only 20% achieve responses on subsequent bortezomib-containing regimens. 9 Thus, novel agents that can recapture responses in bortezomib-refractory MM patients are needed.
Panobinostat is a pan-deacetylase inhibitor with low nanomolar activity against all class I, II, and IV histone deacetylase enzymes, including those implicated as potential targets in MM. 10 Panobinostat increases acetylation of proteins involved in multiple oncogenic pathways, including the aggresome protein degradation pathway. 10 In preclinical studies, inhibition of the aggresome and proteasome pathways by panobinostat and bortezomib, respectively, led to synergistic cytotoxicity against MM cells.
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Panobinostat was previously investigated in a phase 1b dose escalation/expansion study in patients with relapsed or relapsed/ refractory MM. 12 In combination with bortezomib and dexamethasone (at the investigator's discretion beginning at cycle 2), the maximum tolerated dose of panobinostat was 20 mg 3 times per week every week in the dose escalation phase. In the expansion phase of that study, dexamethasone was required beginning at cycle 2, and the schedule was amended to introduce a rest week for panobinostat (ie, 2 weeks on, 1 week off). This schedule achieved similar efficacy and suggested better tolerability compared with the weekly dosing schedule. Specifically, lower rates of hematologic toxicities and a longer duration of therapy were observed. The combination was also efficacious, achieving an overall response rate (ORR) of 55% in all patients and a 37% ORR among bortezomib-refractory patients.
On the basis of these intriguing preclinical mechanistic data and promising early-phase clinical trial results, PANORAMA 2 sought to evaluate the combination of panobinostat with bortezomib and dexamethasone in patients with bortezomib-refractory MM.
Patients and methods

Study design and objectives
PANORAMA 2 is a phase 2, two-stage, single-arm, open-label multicenter study of oral panobinostat in combination with bortezomib and dexamethasone. The primary objective was to evaluate ORR (as defined by the modified European Group for Blood and Marrow Transplantation [EBMT] criteria 13 ), and secondary objectives included evaluation of minimal response (MR), time to response, duration of response (DoR), progression-free survival (PFS), OS, and safety and tolerability of the combination. Very good partial response (VGPR) was assessed based on International Myeloma Working Group (IMWG) criteria. 14, 15 This trial was registered at www.clinicaltrials.gov as #NCT01083602. The study was conducted according to the ethical principles of the Declaration of Helsinki and in accordance with the International Conference on Harmonisation Guideline for Good Clinical Practice. The protocol and amendments were approved by the institutional review board or independent ethics committee for each center. All patients provided written informed consent before study entry.
Patients
Adult patients >18 years of age with relapsed and bortezomib-refractory MM (progressed on or within 60 days of the last bortezomib-containing regimen) who had received at least 2 prior lines of therapy and had been exposed to an IMiD were eligible for the trial. Patients were required to have measurable disease, defined as M protein >10 g/L or urine M protein >200 mg per 24 hours, based on IMWG 2003 definitions. 16 Eligible patients were also required to have an Eastern Cooperative Oncology Group performance status <2, absolute neutrophil count >1.0 3 10 9 /L, and platelet count >70 3 10 9 /L. In addition, electrolyte levels were required to be within normal limits and transaminase levels had to be <2.5 3 the upper limit of normal.
Patients with primary refractory disease, prior MM therapy with a DACi, history of allogeneic stem cell transplant with active graft-versus-host disease requiring immunosuppressive therapy, and/or peripheral grade >2 were excluded from the trial.
Treatment schedule
Patients were treated in 2 phases (Figure 1 ), both with a 2-week-on/1-weekoff schedule. Phase 1 treatment consisted of 8 three-week cycles of oral panobinostat (20 mg) 3 times per week on weeks 1 and 2, bortezomib (1.3 mg/m 2 intravenously) 2 times per week on weeks 1 and 2, and oral dexamethasone (20 mg) 4 times per week on weeks 1 and 2 on days of and after bortezomib use. Patients who showed evidence of clinical benefit in phase 1 treatment continued study therapy in phase 2 treatment, which consisted of 6-week cycles of panobinostat 3 times per week on weeks 1, 2, 4, and 5; bortezomib once per week on weeks 1, 2, 4, and 5; and dexamethasone on the days of and after bortezomib until disease progression, death, toxicity, or withdrawal of consent.
Assessments
Data are presented as of February 20, 2012 . Disease assessments were based on modified EBMT 1998 criteria, 13 with the exploratory objective of VGPR determined by IMWG 2008 uniform criteria. 14, 15 Disease assessments-performed every 3 weeks, with responses confirmed after 6 weeks-entailed measurements of serum M protein (serum protein electrophoresis), urine M protein (urine protein electrophoresis), serumfree light chains, immunoglobulins (serum immunofixation), urine proteins (urine immunofixation), and evaluation of soft tissue plasmacytomas. In addition, bone marrow aspirate for plasma cell count was assayed at screening and for complete response (CR) confirmation, and skeletal surveys were performed at screening and during the study if they were clinically indicated. Patients who discontinued study treatment for reasons other than documented disease progression continued to have disease assessments performed every 6 weeks until documented disease progression or death. After disease progression, patients were followed every 3 months for survival for up to 2 years.
Safety was monitored throughout the trial and up to 28 days after the last dose of study treatment. Adverse events (AEs) were assessed according to Common Terminology Criteria for Adverse Events version 4.0. Electrocardiogram monitoring was performed throughout the first 8 cycles. The Functional Assessment of Cancer Therapy/Gynecologic Oncology Group-Neurotoxicity subscale version 4.0 was used to determine the presence and intensity of neuropathic pain and/or peripheral neuropathy at baseline, day 1 of cycle 1, and every 6 weeks thereafter.
Statistical analyses
The primary efficacy variable was overall response rate, defined as the proportion of patients with a best overall disease response of better than or equal to partial response (PR; CR or near-CR or PR). Sample size was estimated based on a 2-stage design to test the null hypothesis of a response rate of P < 10% vs an alternative hypothesis of a response rate of P . 10%. Using a 1-sided type I error rate of 0.05 and 80% power, 47 evaluable patients were required for the study. At least 4 responses were required in stage 1 (n 5 24) to enroll an additional 23 patients in stage 2, and at least 9 of 47 patients at the end of stage 2 were needed to reject the null hypothesis. Additional statistical tests were performed at a 2-sided significance level of .05. Point estimates and exact 95% confidence intervals were calculated for response rates, and Kaplan-Meier estimates were used to summarize PFS and OS. All authors had access to the primary trial data.
Results
Patient characteristics and disposition
Fifty-five patients were enrolled in the trial from June 2010 to July 2011 at 12 sites. Baseline demographics and other characteristics are presented in Table 1 . Patients were heavily pretreated and received multiple prior regimens (median, 4 [range, 2-11]), including multiple prior bortezomib-based therapies (median, 2 [range, [1] [2] [3] [4] [5] [6] ). Forty patients (72.7%) had progressed while on their last bortezomib regimen, and 15 patients (27.3%) had progressed within 60 days after their last bortezomib regimen. Median cumulative duration of prior bortezomib treatment was 8.7 months (range, 1.6-42.6) in the 54 patients with available data. The starting dose of bortezomib administered in their most recent bortezomib-containing regimen was 1.0 mg/m 2 in 9 patients and 1.3 mg/m 2 in 22 patients; 24 patients had received other doses ranging from 0.7 to 3.5 mg/m 2 with onceor twice-weekly schedules, sometimes with rest weeks. Twentyseven patients (49.1%) received bortezomib and 37 patients (67.3%) received dexamethasone in their most recent prior line of therapy. Forty-five patients (81.8%) received dexamethasone in a prior bortezomib-containing regimen, with a dexamethasone dose of ,20 mg in 9 patients, >20 and ,40 mg in 14 patients, and >40 mg in 11 patients (9 patients received doses that were not recorded). All except 1 patient had received prior lenalidomide (n 5 54; 98.2%), 38 patients (69.1%) had received prior thalidomide, and 37 patients (67.3%) had received both lenalidomide and thalidomide. With the most recent prior regimen, 21.8% of all patients achieved a response (1 CR [1.8%] and 11 PR [20.0%]). Most patients (n 5 37; 67.3%) reported neuropathy with a prior line of therapy. The highest grade of neuropathy in any prior bortezomib-containing regimen was primarily grade 1 (n 5 16), with grades 2, 3, and 4 events reported in 3, 1, and 1 patients, respectively. The grades of the remaining 16 patients' events were unknown.
Seventeen of the 55 patients completed treatment phase 1 and entered treatment phase 2. At the time of data cutoff, 7 of these 17 patients remained on treatment. The primary reasons for discontinuing treatment (n 5 48) were disease progression (n 5 31; 56.4%), AE (n 5 10; 18.2%), withdrawal of consent (n 5 5; 9.1%), death (n 5 1; 1.8%), and start of a new cancer therapy (n 5 1; 1.8%). The most common AEs leading to study treatment discontinuation were fatigue (n 5 4), diarrhea (n 5 2), asthenia (n 5 2), and pneumonia (n 5 2). One patient died during study treatment and 3 others died within 28 days of study treatment (3 deaths from disease progression/MM and 1 from influenza). None of the deaths were assessed as being study treatment related.
Median exposure was 4.6 months (range, 0.1-14.8). Two patients completed >12 cycles (48 weeks) of treatment. Dose reductions of panobinostat, bortezomib, and dexamethasone occurred in 35 (63.6%), 36 (65.5%), and 15 (27.3%) patients, respectively. Dose interruptions of panobinostat, bortezomib, and dexamethasone occurred in 32 (58.2%), 27 (49.1%), and 40 (72.7%) patients, respectively. Median relative dose intensity was 72.9% for panobinostat. The median relative dose intensities for bortezomib and dexamethasone were 79.8% and 87.5%, respectively. The most common AEs requiring dose adjustment or study treatment interruption, regardless of study drug relationship, were thrombocytopenia, fatigue, diarrhea, and vomiting.
Efficacy
More than 4 responses were observed in stage 1, and the study continued to stage 2. In this population of bortezomib-refractory patients, 1 patient (1.8%) achieved a near-complete response, and 18 patients (32.7%) achieved a PR, for an ORR of 34.5% (>PR; Table 2 ). An additional 10 patients (18.2%) achieved an MR, bringing the clinical benefit rate (CBR; >MR) to 52.7%. In an exploratory analysis, 3 patients (5.5%) achieved a VGPR. Responses in the remainder of patients consisted of stable disease in 20 patients (36.4%) and progressive disease in 3 patients (5.5%). Response could not be assessed in the remaining 3 patients (5.5%) because of insufficient or missing assessments. In the 19 patients who achieved a response (>PR), median time to response was 1.4 months and median DoR was 6.0 months. For all patients, median PFS was 5.4 months (Figure 2A) . With a median follow-up of 8.3 months, median OS has not yet been reached ( Figure 2B ). 
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The data were analyzed to determine whether timing of the last bortezomib regimen affected response rates. ORR and CBR of the 27 patients who received bortezomib in the last line of therapy before study entry were 25.9% and 48.1%, respectively (Table 3) . For the 28 patients who did not receive bortezomib in the last line of therapy, ORR and CBR were 42.9% and 57.1%, respectively. Thus, there was a trend toward a higher response rate in patients whose prior bortezomib therapy was not their last line of therapy, although the numbers are small. Response rates in patients who progressed on their last bortezomib-containing regimen were compared with those in patients who had progressed within 60 days of their last bortezomibcontaining regimen. ORR, CBR, and PFS were 37.5%, 55.0%, and 4.2 months in the 40 patients who progressed on bortezomib, and 26.7%, 46.7%, and 7.6 months in the 15 patients who progressed within 60 days of bortezomib (Table 3) . Although no trend in response rate was noted, PFS appeared to be longer in those who had progressed within 60 days of their last bortezomib-containing regimen than in those who had progressed while on their last bortezomib-containing regimen.
The impact of high-risk cytogenetics, as assessed by fluorescence in situ hybridization or conventional cytogenetics, on response rates was analyzed. For the 14 patients with high-risk cytogenetics-defined as del(17p), t(4;14), or t(14;16)-ORR was 42.9% and CBR was 71.4%. Of the 8 patients who had del(17p), the ORR was 37.5% and the CBR was 87.5%. Although the number of patients is small, it does not appear that high-risk cytogenetics adversely affected response rates.
Safety
The most common AEs of any grade regardless of study drug relationship included diarrhea (70.9%), fatigue (69.1%), thrombocytopenia (65.5%), nausea (60.0%), and anemia (47.3%; Table 4 ). The most common grade 3/4 AEs included thrombocytopenia (63.6%), diarrhea (20.0%), fatigue (20.0%), anemia (14.5%), neutropenia (14.5%), and pneumonia (14.5%). Fatigue and asthenia were managed with hydration, dose reduction, and supportive care. Serious AEs regardless of study drug relationship were reported in 37 patients (67.3%), with those >10% limited to thrombocytopenia (25.5%) and pneumonia (14.5%). No significant cardiac abnormalities were noted in the study.
Thrombocytopenia was managed with dose reduction/interruption in 23 patients (41.8%), and 24 patients (43.6%) received >1 platelet transfusion (median 2) for the AE. Recovery of platelet levels occurred rapidly during the 1-week treatment-free portion of the schedule ( Figure 3A) . No patients discontinued because of thrombocytopenia.
Thirty-eight patients (69.1%) reported grade 1 neuropathy at baseline. Treatment-emergent peripheral neuropathy on this study, 27.3% overall, was generally mild, with only 1 grade 3/4 event (1.8%) reported. Across the study population, the symptoms of peripheral neuropathy, measured by the Functional Assessment of Cancer Therapy/Gynecologic Oncology Group-Neurotoxicity subscale, remained relatively unchanged over the course of the study ( Figure 3B ).
Discussion
In this phase 2 study, the efficacy of panobinostat in combination with bortezomib and dexamethasone was evaluated in heavily pretreated bortezomib-refractory patients who had received a median of 4 prior regimens, including a median of 2 prior bortezomib-containing regimens. Patients achieved an ORR (>PR) of 34.5% and a CBR (>MR) of 52.7%. In a review by Kumar et al, a similar patient population was found to have an ORR to bortezomib-containing therapy of only 20%. Thus, these results compare favorably with currently published data for a refractory MM population. 9 ORR of 34.5% in the PANORAMA 2 study exceeded that of 21.8% in patients who achieved >PR on the most recent prior regimen, further emphasizing the activity of the combination. Median DoR was 6.0 months and median PFS was 5.4 months. Median OS was not reached after a median follow-up of 8.3 months. These numbers indicate that panobinostat combined with bortezomib and dexamethasone helps to recapture clinical responses in a diverse population of heavily pretreated, bortezomib-refractory patients with MM.
Response rates appeared to be higher in patients whose last bortezomib-containing regimen was not their last line of therapy before study entry. The majority of patients (81.8%) had received dexamethasone with their last bortezomib-based regimen (ie, were Table 2 . Best response (confirmed at 6 weeks) at the end of 8 cycles refractory to the combination of bortezomib and dexamethasone). A higher response rate observed in the subset of patients who did not have dexamethasone in their last bortezomib-containing regimen could suggest that dexamethasone contributed to the activity in combination with panobinostat and bortezomib; however, the small subset (n 5 10) limits more definitive conclusions. It is encouraging that patients with high-risk cytogenetics had similar outcomes to the patient population as a whole, although, again, the patient subgroups were small. Overall, the combination of panobinostat with bortezomib and dexamethasone was tolerable, with manageable toxicities. Thrombocytopenia was the most common hematologic grade 3/4 AE; however, it did not lead to discontinuation and proved manageable with platelet transfusion and dose reduction/interruption. Thrombocytopenia induced by DACi is a class effect of these agents, where, in a manner similar to that of proteasome inhibitors, panobinostat reversibly blocks maturation of megakaryocytes and the related release of pro-platelets. [17] [18] [19] In addition, similar to results observed in preclinical studies, 17, 18 thrombocytopenia rapidly resolved after treatment interruption, with a rebound to near-baseline platelet levels during the treatment-free week of the dosing schedule ( Figure 3A) .
Peripheral neuropathy is a common toxicity of bortezomib treatment, and 37 patients (67.3%) from this study had reported this AE as part of their prior treatments with bortezomib-based therapy. Most of these prior events were mild (grade 1/2). Similarly, in this trial, on-treatment peripheral neuropathy was mild, with only 1 patient having a grade >3 event. These data suggest that panobinostat can be safely combined with bortezomib without significant concern for increasing the severity of peripheral neuropathy.
The findings presented here are consistent with those from the phase 1b trial, which demonstrated efficacy of the panobinostat, bortezomib, and dexamethasone combination in patients with MM, including those refractory to bortezomib therapy. 12 The use of another DACi (vorinostat) in MM has been reported previously in a phase 2b study in 143 patients with relapsed and refractory MM. ORR was 11% and DoR was 7.0 months using the EBMT criteria. 20 There were key differences between these 2 trials regarding patient eligibility and dexamethasone use. The vorinostat trial included patients with ,25% response (ie, stable disease) to prior bortezomib therapy, and dexamethasone could be added only after cycle 4 in patients with no response to the vorinostat combination. These differences limit a direct comparison between the 2 trials. For personal use only. on April 13, 2017 . by guest www.bloodjournal.org From
Other agents in combination with low-dose dexamethasone have shown responses in patients with relapsed and refractory MM. In a randomized trial of pomalidomide and low-dose dexamethasone, the response rate was 34% when pomalidomide was dosed on days 1 to 21 of a 28-day cycle, and 35% when pomalidomide was dosed continuously. 21 A phase 2 study of pomalidomide with low-dose dexamethasone in patients with MM resistant to lenalidomide, bortezomib, or both, showed a response rate of 30%. 22 In a phase 2 study of carfilzomib and low-dose dexamethasone in patients who had prior therapy with bortezomib and IMiD, an overall response rate of 53% was seen. 23 These findings, along with the results of the currently reported trial, provide a rationale for future combination therapy trials using these agents.
The current study points to a role for panobinostat in combination with bortezomib and dexamethasone in the management of bortezomib-refractory patients. In this heavily pretreated population, the combination of panobinostat, bortezomib, and dexamethasone was able to recapture responses in 34.5% of patients. This combination is also being studied in a large phase 3 trial (PANORAMA 1) in relapsed and relapsed and refractory patients with MM. 24 Taken together, these trials will better elucidate the role of panobinostat in combination with bortezomib and dexamethasone in advanced relapsed and refractory MM. 25 
